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A B S T R A C T
eHealth solutions are increasingly being applied to deliver interventions for promoting an active lifestyle in the
general population but also in older people. Objective assessment of daily physical activity (PA) is essential to
accurately and reliably evaluate the effectiveness of such interventions. This review presents an overview of
eHealth interventions that focus on promoting PA in community-dwelling older people, and discusses the
methods used to objectively assess PA, and the effectiveness of the eHealth interventions in increasing PA. The
twelve eHealth intervention studies that met our inclusion criteria used a variety of digital solutions, ranging
from solely the use of an accelerometer or text messages, to interactive websites with access to (animated)
coaches and peer support. Besides evaluating the effectiveness of an intervention on objectively assessed PA, all
interventions also included continuous self-monitoring of PA as part of the intervention. Procedures for the
collection and analysis of PA data varied across studies; five studies used pedometers to objectively assess PA and
seven used tri-axial accelerometers. Main reported outcomes were daily step counts and minutes spent on PA.
The current evidence seems to point to a positive short-term effect of increased PA (i.e. right after administering
the intervention), but evidence for long-term effects is lacking. Many studies were underpowered to detect any
intervention effects, and therefore larger studies with longer follow-up are needed to provide evidence on
sustaining the PA increases that follow eHealth interventions in older people.
1. Introduction
Continuing or commencing an active lifestyle with ageing is asso-
ciated with health benefits. It is well-documented that higher levels of
daily physical activity (PA) are associated with better physical and
mental well-being in older people [1–3]. Adopting an active lifestyle at
old age has also shown strong positive effects for older people, such as
improved functioning [4], reduced fall risk [5], and improved quality of
life[6]. In addition, physical inactivity can boost physical decline as a
result of ageing [7]. Given its potential for counteracting or slowing
down detrimental outcomes, interventions for promoting an active
lifestyle are widely considered in aging populations [8].
Over the past decades, the use of information and communication
technology (ICT) to deliver lifestyle interventions has grown ex-
ponentially. The use of ICT solutions in healthcare services is often
called electronic health or eHealth [9]. eHealth interventions that use
electronic devices, such as computers, smartphones or tablets, for
promoting an active lifestyle have shown positive results on PA in the
general population [10], as well as in older people [9]. eHealth inter-
ventions are presumed to have great potential to increase access to
interventions, increase compliance, lessen the burden on healthcare
staff, and are highly scalable. Moreover, the use of a digital environ-
ment allows for delivery of continuous feedback and application of
additional behaviour change techniques within the technology [11]. It
further facilitates the tailoring of the intervention to the individual
[12]. Those aged≥55 years may be more familiar with using electronic
devices and wearable technology than previous generations [13], and
prior evidence has shown that this generation finds electronic devices
promoting PA acceptable [14].
When evaluating the health benefits of lifestyle interventions for
older people, it is essential to consider theories underlying the inter-
vention to understand working mechanisms [15]. Besides piloting
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feasibility of newly developed eHealth interventions in a small sample,
evaluating intermediate outcomes related to health, such as PA, is
considered crucial to prove effectiveness and establish the causal
pathways of long-term health benefits [15]. A recent systematic review
showed that eHealth lifestyle interventions are effective in promoting
PA in people above 50 years; however, the majority of studies in this
review measured PA self-reported by questionnaires [9]. Although
questionnaires are inexpensive, quick and easy to administer, they are
prone to recall bias, might lead to variable and socially desirable an-
swers and generally do not assess light PA or ordinary activities in daily
life [16,17]. Questionnaires therefore do not provide a very accurate
reflection of a person’s daily PA. Increased availability of wearable
devices, such as pedometers or inertial sensors, allows collection of
objective PA data in daily life [18]. Pedometers count steps while
walking, whereas inertial sensors collect and store data over longer
periods, later analysed to extract multiple features of PA. Inertial sen-
sors, particularly tri-axial accelerometers, have shown better reliability
in capturing daily PA than pedometers and uniaxial accelerometers due
to their ability to detect light PA [19].
This review presents an overview of recent eHealth interventions for
promoting PA in community-dwelling older people with objective
measurements of PA (i.e. by pedometer, uni-axial or tri-axial accel-
erometers). We discuss the eHealth interventions developed for pro-
moting sPA in the older target population, as well as the employed
methods to assess PA objectively. Finally, we discuss the effectiveness
of the interventions on PA behaviour.
2. Methods
For this narrative review, we followed the guidelines for database
search, selection of studies and data extraction from Cochrane [20]. We
searched PubMed (from January 1990 to January 2018) with key
search terms and synonyms for “older people”, “telemedicine”, “ex-
ercise”, “ambulatory monitoring”, and “randomized trials” (see Sup-
plementary Table 1 for the search syntax). Studies were included in the
current review if they: 1) included community-dwelling people with a
mean or median age> 55 years; 2) evaluated an intervention that
aimed to promote physical activity and/or reduce sedentary behaviour;
3) used a computer, tablet, smartphone, or smartwatch to deliver the
main component of the intervention; 4) used objective assessment of
the amount of physical activity to evaluate the effectiveness of the in-
tervention; and 5) had a randomised trial design. We excluded studies
that focused on a target group with a specific disease (e.g. stroke or
Parkinson’s disease).
3. Results
3.1. eHealth interventions for promoting physical activity
Twelve different studies met our inclusion criteria [21–32] (Table 1
for details and Fig. 1 for a flowchart of the search). Sample sizes of
studies varied from 40 [28] to 263 [21], with eight out of twelve studies
including< 100 participants. The ICT modalities that were used by
studies to deliver the interventions differed considerably, and four
studies compared multiple interventions with one control condition
[23,24,29,30]. The study by Thompson and colleagues simply com-
pared wearing a smartwatch accelerometer, which provided feedback
on PA, to a control condition [31], whereas the other studies evaluated
more extensive eHealth solutions for changing PA behaviour. Six stu-
dies used an interactive website that participants could use for goal-
setting, planning, self-monitoring progress and receiving feedback
[23,24,26,29,30,32]. Three studies used an application on a tablet for
this purpose [21,25,28] and two of these studies also used a smart-
phone application [27,29]. Other ICT components employed by studies
consisted of sending text messages [22,29], video clips [27], and tools
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participants the option to interact with a real coach via online e-con-
sults, and Bickmore et al. [21] developed a virtual animated coach with
whom participants could communicate through a structured interview
online, following a predefined algorithm. Notably, all eHealth inter-
ventions that were included in this review did not only use a
pedometer, uni-axial or tri-axial accelerometer as an objective assess-
ment method to evaluate the effectiveness of the intervention (see
Section 3.2 for details), but also used the wearable device as an integral
component of the lifestyle intervention for self-monitoring.
Although most studies described a range of interactive techniques
that were included in the eHealth interventions to change PA behaviour
(e.g. goal-setting, self-monitoring, feedback), only five studies specifi-
cally referred to the theory underlying the design of their intervention
components [25,26,28,29,32]. The CALO-RE framework on effective
behaviour change techniques [33] was most frequently used
[25,26,28]. The other two studies [29,32] used habit formation theory
[34] and a combination of the stages of change model [35] and the I-
change health behaviour change model [36]. A priori consideration of a
theoretical framework is a crucial step in the development of a complex
lifestyle intervention to ensure long-term uptake and understand its
working mechanism [15]. The lack of using a theory in designing ICT-
based interventions was also recognised in prior research [37] and
underlines the need for addressing this in future studies. Particularly
the behaviour change techniques in the CALO-RE framework described
by Michie et al. [33] seem to be concrete techniques that can be readily
incorporated in ICT solutions and have been associated with larger and
sustained effects of lifestyle interventions [38].
Only five out of twelve studies collected data on user satisfaction
and acceptability of the eHealth interventions in the older participants
[21,24,25,28,29]. Tracking of how frequently participants actually
used the eHealth interventions was only reported in four out of twelve
studies [21,23,27,28]. The studies that reported user satisfaction in-
dicated a high satisfaction with the eHealth intervention
[21,24,25,28,29] as well as with wearing the wearable device
[24,25,28,29]. Despite the diversity in intervention modalities, the
eHealth components were well-received by the older adults partici-
pating in the studies. However, these results are based on a few studies
and interventions were too heterogeneous to draw general conclusions.
Studies evaluating eHealth interventions in older people should design
Fig. 1. Flowchart of study selection for the review.
Table 2
Details on objective assessment of physical activity in included studies.
Study Wearable device used Attachment location # days
recorded
# days included in analysis % compliance wearing
guidelines (valid data)
Pedometer assessment
Bickmore et al. [21] Omron HJ-720ITC pedometer At waist or pants pocket 30 days Only if ≥7 days with valid
data,> 5th percentile and ≤20,000
steps.
Intervention: 76% (2 mnth),
42% (12 mnth)
Control: 76% (2 mnth), 56%
(12 mnth)
Kim & Glanz [22] Omron HJ-113 pedometer Hip NR NR NR
Kullgren et al. [23] Fitbit pedometer NR 7 days NR NR











Hip 7 days NR 95% 7 valid days,
5% 5–6 valid days
Fukuoka et al. [27] Omron HJA-350IT tri-axial
accelerometer
Waist 7 days Only if ≥4 days with ≥8 h per day 91.2% of study time
Lyons et al. [28] ActivPAL tri-axial accelerometer Front thigh, using tape 7 days Only if> 5th percentile NR
Martin et al. [29] Fitbug Orb tri-axial accelerometer NR NR NR Intervention: 100%
Control: 94%
Suboc et al. [30] Omron HJ-720ITC pedometer &
ActiGraph GTX3 accelerometer
NR 7 days Only if ≥4 days with valid data Intervention 1: 89%
Intervention 2: 97%
Control: 85%
Thompson et al. [31] MSR Eletronics GmbH tri-axial
accelerometer
Waist, at back, using
elastic band
14 days NR NR
Wijsman et al. [32] GENEActiv tri-axial accelerometer Ankle and wrist, right
side
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a process evaluation alongside the effectiveness evaluation to provide a
better understanding of the acceptability and actual uptake of ICT-
based interventions in these older populations [39].
3.2. Objective assessment of physical activity
Five studies used pedometers [21–24] or a uni-axial accelerometer
[25] to assess PA in daily life, whereas the other seven used tri-axial
accelerometers [26–32] (Table 2). The latter are preferred since they
are more accurate in capturing light PA compared to pedometers and
uni-axial accelerometers [19].
The methodology for objectively measuring PA in daily life is still
under development and there is no consensus on when to measure,
which fixation locations to use, and how to analyse the acquired data
[18]. This is reflected in the different measurement protocols reported
by the studies. The location used for attaching the wearable device
ranged from ankle [32], waist [21,27,31], hip [22,26], to front of the
thigh [28,32] and is likely due to the specific wearable devices used in
the study.
Most studies recorded seven days to obtain daily PA estimates
[23,25–28,30,32], but some extended this to 14 [31] or 30 days [21] to
evaluate the effectiveness of the intervention. Presently, there is no
consensus on the minimum time of recording needed for a reliable as-
sessment of PA with accelerometers [18], yet a minimum of two days
with valid data (which they defined as> 75% wear-time) has been
recommended to reliably estimate PA outcomes at a group level, and a
minimum of four days to reliably estimate PA in individuals [40]. Four
studies reported protocols that are in line with these recommendations
[21,27,30,32].
Two studies did not apply a protocol that ensured a minimum
number of days with valid data for estimating daily PA (i.e. those stu-
dies used data only if the wearable device was worn>1 h per da y[25]
and only if recorded data was>5th percentile of all collected data
[28]). Six studies did not provide any details on requirements of quality
of the data derived from the pedometers or accelerometers for the
analysis [22–24,26,29,31]. Compliance with wearing the wearable
devices was overall high, ranging from 75% [24] to 97% [29]. This was
also the case in the four studies that are in line with the re-
commendation, with wearing compliance ranging from 76% [21] to
92% [32]. However, in the only study that assessed PA at 12 months
follow-up, wearing compliance dropped from 76% at two months to
49% at twelve months [21]. Based on these studies, it seems feasible to
use wearable devices for measuring PA in daily life in older populations
at the short term, but procedures for data collection require standar-
disation and researchers should consider data quality assurance when
deriving PA outcomes from the data [40], particularly for (long term)
effect evaluation.
3.3. Effectiveness interventions in terms of physical activity behaviour
All eHealth interventions described in this review shared a common
aim: promoting PA behaviour and reducing sedentary behaviour in
older people. With the wearable devices described above, the outcome
measures that were reported in studies were the average daily step
counts [21–24,26–32] and average daily minutes of PA behaviour in
studies using accelerometers [25–30,32]. The time point at which ef-
fectiveness was evaluated was in nearly all studies immediately after
the intervention period, ranging from 4 weeks [29] to 6 months [31].
Only Bickmore and colleagues evaluated long-term effectiveness at 12
months follow-up [21].
The effects reported by the eleven studies that evaluated step counts
were quite diverse. Overall, five studies showed a significant increase in
daily steps in the intervention group compared to the control group
[21,22,24,27,30], while four studies did not demonstrate a significant
increase [23,26,28,31] (Table 3). Two studies reported conflicting re-
sults. Martin and colleagues found a significant increase in step counts
solely in the intervention group that received text messages on top of
using an interactive website and not in the group that used only the
interactive website [29]. In contrast, Wijsman and colleagues did not
find a significant effect on PA assessed from an accelerometer worn at
the wrist, while they did find a significant increase in PA from similar
data obtained at the ankle [32]. The authors attributed this difference
to the cycling habits of their Dutch population, which might be better
detected by an ankle-worn device [32]. Furthermore, prior research
showed that signals from wrist-worn devices might be more prone to
noise (i.e. from different tasks done with the hands while active) and
are hence less accurate in recognising whole body PA[41]. Never-
theless, these observations call for standardisation of wearing location
and validation of employed activity recognition algorithms. The only
study reporting long-term follow-up of 12 months showed initial in-
creases in daily step count in the intervention group compared to the
control group (adjusted mean intervention group= 4041 steps, control
group=3499 steps, p=0.01) [21]. However, this effect faded out
after 12 months of follow-up (adjusted mean intervention
group=3861 steps, control group=3383 steps, p=0.09) [21].
In six studies, participants in the control condition also received a
pedometer that was not blinded and hence they could self-monitor their
own PA [21–23,25–27] (Table 1). This might have resulted in an un-
derestimation of the actual effect of the eHealth interventions in these
studies, since one might argue that the feedback provided by the ped-
ometer in itself already constitutes as ICT-based PA promotion. Indeed,
the findings across these studies were inconsistent, with some studies
finding significant increases in daily step count compared to the control
group [21,22,27], while others did not [23,26].
Seven studies reported results for daily minutes spent in PA beha-
viour [25–30,32]. The types of PA that were considered differed con-
siderably across studies (Table 3); three studies reported results for
different intensities of PA behaviour (i.e. light, moderate, vigorous)
[26,27,30], three studies reported results for moderate to vigorous PA
(MVPA) [25,26,32], one study distinguished between time spent on
total PA behaviour vs. aerobic PA [29] and one study distinguished
between sitting and stepping behaviour [28]. It is important to realise
that the reported studies used different guidelines for cut-off points to
label the intensity of the PA (i.e. light, moderate, vigorous) [42–44].
Although the guidelines only differ slightly in metabolic equivalent of
task (MET) values for the cut-offs, this hampers a straightforward
comparison between studies. Table 3 shows that findings were het-
erogeneous across studies. The results from the studies that looked at
different intensities of PA suggest that eHealth interventions are mostly
effective in promoting activities of moderate intensity [27,28,30]. Yet,
standardisation of cut-off points for labelling intensity of PA is needed
before a more definite conclusion can be drawn.
When interpreting the abovementioned results, it is important to
realise that the PA outcomes evaluated in the studies were on the level
of counting the total amount of PA (either in steps or in minutes). Data
from accelerometers can also provide useful insights into activity pat-
terns over the day [45], transitions between different types of PA and
complexity of the PA behaviour [46]. These more detailed outcomes are
not yet considered in the trials discussed in this review, but may yield
new insights in the effects of lifestyle interventions for older people in
the future.
A straightforward comparison of the effectiveness of the different
eHealth interventions in this overview is complicated, as the interven-
tion components and outcome measures differed considerably across
studies [47]. The fact that many of the studies were not powered to find
a significant treatment effect [22,25–28,31] further complicates this.
The current evidence seems to point to a small but positive effect of
promoting PA right after administering the intervention, that might be
explained by an increase in moderate PA. Still, evidence for the highly
desired long-term effects of eHealth interventions for increasing PA in
older adults is currently lacking and larger studies with longer follow-
up are needed to provide this evidence.
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4. Conclusions
This overview shows that eHealth interventions for promoting an
active lifestyle, delivered in a wide variety of modalities, appear to be
acceptable for older populations and have positive effects on increasing
PA in the short-term. However, caution is warranted since many studies
were underpowered and long-term effects have not yet been estab-
lished. Larger studies with theory-based interventions and a longer
follow-up are needed to fully understand the potential and effective
components of eHealth interventions for promoting and sustaining an
active lifestyle in older people. The objective assessment of PA through
pedometers or accelerometers was used in all studies as part of the
intervention for self-monitoring of PA levels, with high compliance by
the older participants. Standardised protocols on collecting and ana-
lysing PA data from wearable devices are needed to better compare
findings. Future research should also consider activity patterns, in ad-
dition to the amount of PA, to provide a more comprehensive mea-
surement of PA behaviour in daily life.
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